volcanic edifices cover at least 6% of the seafloor and contribute more than 0.2% to the volume of the crust. The inferred width of the zone where isolated volcanoes initially form increases with spreading rate for the Mid-Atlantic Ridge (<4 km), northern EPR (<20 km), and southern EPR (<28 km), so that isolated volcanoes form primarily on lithosphere younger than 0.2 Ma (< 4-6 km brittle thickness), independent of spreading rate. This suggests some form of lithospheric control on the eruption of isolated off-axis volcanoes due to brittle thickness, increased normal stresses across cracks impeding dike injection, or thermal stresses within the newly forming lithosphere.
Geological Framework of the Study Area:

Overview of the EPR From 15 ø to 20øS
Located between the Easter Microplate and the Garrett Fracture Zond, the EPR within the study area is an ultra-fast spreading ridge (Figure 1 ). Since 1 Ma, the Pacific plate has been spreading slightly faster than the Nazca plate north of 17ø15'S, at a half-rate of 75 mm/yr versus 65 mm/yr. The asymmetry reverses just south of 17ø15'S, so that the Nazca Plate is spreading eastward at a half-rate of 80 mm/yr, roughly 20 mm/yr faster than the Pacific plate half-rate [Cormier et al., 1996 ; D. Wilson, personal communication, 1997] . Bathymetric mapping reveals that the seafloor on the Pacific plate subsides at a slower rate than predicted by the global average of lithospheric cooling with crustal age, implying hotter mantle and thinner lithosphere on the west flank [Cochran, 1986; Scheirer et al., 1998 ].
Seven small overlapping spreading centers (OSCs) are located within the study area at approximately 15ø55'S, 16ø30'S, 17ø56'S, 18ø22'S, 18ø37'S, 19ø05'S, and 19ø50'S [Lonsdale, 1989; Scheirer et al., 1996a] (Figure 2 ). These OSCs are all left-stepping offsets whose propagation history explains most of the spreading asymmetry [Cormier and Macdonald, 1994; Cormier et al., 1996] . The 15ø55'S OSC has remained relatively stationary, the 16ø30'S OSC has migrated northward, and the other OSCs have been rapidly migrating south [Cormier et al., 1996] . The presence of a long-lived axial magma chamber (AMC) has been inferred from the continuity of a midcrustal seismic reflector under the ridge through most of this region, except near OSCs [Detrick et al., 1993; Kent et al., 1994; Mutter et al., 1995] . Petrologic evidence for fractionation-controlled compositional variations along this part of the EPR also implies the existence of a long-lived AMC [Sinton et al., 1991 ] . Axial lavas sampled in the study area also show spatial variations in geochemistry corresponding to the structural segmentation of the ridge [Sinton et al., 1991 ' Mahoney et al., 1994 .
Ridge axis morphology appears to be an indicator of magma budget on fast spreading centers Scheirer and Macdonald, 1993] . The ridge axis depth is shallow (< 2700 m deep) and relatively uniform (--2600-2800 m) from 15 ø to 19øS, then deepens rapidly approaching the large overlapping spreading center at 20.7øS [Scheirer and Macdonald, 1993] . The cross-sectional area of the axial high increases from a small, triangular high at near 15øS to a large, domal high with one For each volcano, the geographical position of the center of the edifice, the length of base parallel and perpendicular to ridge strike, the length of summit parallel and perpendicular to ridge strike, and the height were measured directly from the maps. The volume of each edifice is calculated by approximating its shape as a truncated right-elliptical cone. Volcanoes are assumed to be nearly circular in plan view, whereas faulted horsts are elongate parallel to the ridge, even where draped by lava flows. Edifices with an aspect ratio >2 elongate with respect to the trend of the ridge axis are likely to be fault blocks rather than volcanoes and were omitted.
From this compilation of all volcanic edifices of 50 m or taller, we define a volcano chain as a group of volcanoes simultaneously satisfying two criteria (Figure 4) . First, a volcano chain must consist of three or more edifices with colinear summit areas. Second, the distance between the edge of the base of two adjacent volcanoes in a chain must be less than the basal diameter of the larger volcano of the pair. Classifying a volcano as belonging to a chain implies some connection among the edifices, so this proximity rule was derived empirically to fit the previously identified Rano Rahi volcano chains [Scheirer et al., 1996b] Perhaps the depth to the brittle-ductile transition in oceanic lithosphere controls the width of the zone of initiation of isolated volcanoes.
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Once the brittle lid reaches a sufficient thickness to prevent dikes from either initiating or erupting, new volcanoes stop forming. The ambient stresses at the dike tip and thermal diffusivity at the dike walls principally limit the ability of magma to propagate upward through the brittle lid and erupt [Rubin, 1995] . In simple terms, the magma pressure must overcome the elastic stiffness of the overlying rock and the local compressive stress perpendicular to the fracture plane to initiate a fracture for propagation of a dike [Secor and Pollard, 1975] . Presumably, a magma body of constant size will have greater difficulty initiating a crack at the base of thicker brittle lithosphere because the mean normal stress across dike-induced cracks increases with depth. On the basis of the small size of most isolated volcanoes, we speculate that they originate from rather small magma bodies incapable of penetrating a thick brittle lid.
Even when one of these small magma lenses produces a dike, thermal stresses generated by underplating new, hot material to the base of cooler lithosphere would cause relative compression at the top of the plate, as the base of the plate cools and contracts faster than the older lithosphere above it [Bratt et al., 1985; Wessel, 1992] . This relative compressional stress at the top of the plate may increase in magnitude with lithospheric age for rapidly thickening lithosphere (< 100 Ma) and impede the ascent of dikes through older lithosphere. It is worth noting that many volcano chains on the EPR also appear to initiate within 0.2 Myr of the ridge axis, although they experience most of their volume increase farther off-axis Scheirer et al., 1996b] . Local heating of the lithosphere associated with seamount chains may decrease the usual rate of lithospheric thickening, producing a melt channel effect that may allow continued volcanic activity farther off-axis near previously active eruptive centers.
To estimate the depth to the brittle-ductile transition at different spreading rates, we use a simple one-dimensional thermal model of lithospheric cooling that increases the depth of the isotherm with square root of crustal age from the axis [Turcotte and Schubert, 1982] . Constructional volcanoes may form at abandoned ridge tips as melt pockets become isolated by the "self-decapitation" of the propagating ridge as spreading stops on the abandoned segment [Macdonald et al., 1987] . Geochemistry of basalt samples from OSCs along the southern EPR shows that ridge offsets tend to erupt more fractionated magma [Sinton et al., 1991] . Sampling of the small volcanic cones near OSCs would be the best way to confirm their origin, leading to better understanding of the subcrustal processes at ridge discontinuities. At present, such sampling has not been done at the resolution necessary to address these questions.
Conclusions
The distribution of isolated off-axis volcanoes on the ultrafast spreading EPR, 15.3ø-20øS, suggests that ridge volcanism at fast spreading rates is not confined to the axis. While the abundant volcano chains west of the axis imply that an asymmetric off-axis magma supply creates most seamounts and large volcanoes, nearaxis isolated volcanoes are equally abundant on both sides of the ridge. The median volume of isolated volcanoes remains nearly constant as a function of distance from the ridge, indicating the majority of isolated volcanoes do not grow significantly beyond 0.2 Ma crustal age. The total volume of isolated volcanoes appears to increase where the ridge has a larger cross-sectional area and hence higher magma supply. The inferred width of the zone of volcano formation increases with spreading rate for nearaxis volcanism on the MAR, northern EPR, and southern EPR, such that isolated volcanoes form only on lithosphere less than 0.2 Myr old in all cases, suggesting a lithospheric control on production of isolated volcanoes near ridges.
